Abstract | Pure small-cell carcinoma (SCC) of the prostate is a rare entity and one of the most aggressive malignancies of the prostate. Histologically, prostatic SCCs of the prostate are part of a spectrum of anaplastic tumours of the prostate and are similar to SCCs of the lungs. In most cases, SCC of the prostate is associated with conventional prostatic adenocarcinoma. Both components of these mixed tumours frequently share molecular alterations such as ERG gene rearrangements or AURKA and MYCN amplifications, suggesting a common clonal origin. The clinical behaviour of small-cell prostate carcinomas is characterized by extensive local disease, visceral disease, and low PSA levels despite large metastatic burden. Commonly, the emergence of the SCC occurs in patients with high-grade adenocarcinoma who are often treated with androgen deprivation treatment (ADT). However, SCCs do not usually benefit from ADT. A biopsy of accessible lesions is strongly recommended to identify those with SCC pathological features, as management is undoubtedly affected by this finding. Chemotherapy is the standard approach for treating patients with either localized or advanced prostatic SCC. Despite the emergence of more-aggressive treatment modalities, the prognosis of men with prostatic SCC remains dismal.
Introduction
Neuroendocrine tumours of the prostate represent a hetero geneous group that includes conventional adenocarcinomas of the prostate with focal differentiation, tumours with Paneth-cell-like neuroendocrine differentiation, carcinoid tumours, large-cell neuroendocrine carcinomas (LCNECs) and small-cell carcinomas (SCCs). 1 Neuroendocrine markers such as chromogranin A (CgA) and synaptophysin are expressed in nearly all cases of conventional prostatic adenocarcinoma, with the proportion of cells that stain positive for these markers increasing during castration. 2 Most studies have shown no effect of neuroendocrine differentiation in conventional prostatic adenocarcinoma on patient outcomes. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] In contrast, SCC of the prostate is a clinically distinct disease, generally associated with a very poor prognosis, which is primarily defined based on its morphology on routine haematoxylin-stained and eosin-stained sections.
Prostatic SCC was first described by Wenk et al. 15 more than 30 years ago. Since then, it has been reported to occur in 0.5-2% of men with prostate cancer, although autopsy studies of men who have died of castrationresistant prostate cancer (CRPC) have reported the presence of SCC in up to 10-20% of cases. [16] [17] [18] [19] In this article, we review the pathological features, biology, clinical characteristics, and diagnostic challenges of SCC of the prostate, summarize the available treatment options, and highlight promising therapeutic strategies.
Pathological features
The diagnosis of SCC of the prostate is reached based on the presence of morphological features similar to those found in SCC of the lung, as defined in the 1999 WHO classification criteria of pulmonary neoplasms ( Figure 1) . [20] [21] [22] These criteria include a proliferation of small cells (>4 lymphocytes in diameter) with unique and strict morphological features, scant cytoplasm, illdefined borders, finely granular 'salt and pepper' chromatin, absent or inconspicuous nucleoli, frequent nuclear molding, and a high mitotic count. Morphological variations of prostatic SCC include intermediate-cell-type tumours with slightly-more-open chromatin and visible small nucleoli seen in about 30-40% of cases-tumours that would probably not be included in the strict diagnosis of SCC of the lung. 23 Using immunohistochemical techniques, the small-cell component is positive for one or more neuroendocrine marker (for example, neuronspecific enolase, synaptophysin, chromogranin, and CD56) in almost 90% of cases. 21, 23 PSA and other prostatic markers, such as P501S, are positive in about 17-25% of cases, although often very focally (Table 1) . 21, 23 In 24% and 35% of cases, marker positivity is noted for p63 and high-molecular-weight cytokeratin, markers that are typically negative in prostatic carcinoma. 21 Studies have demonstrated thyroid transcription factor 1 (TTF-1) expression in over 50% of SCCs of the prostate, limiting its utility in distinguishing primary SCC of the prostate from a metasta sis from the lung. 21, [23] [24] [25] The finding of TMPRSS2:ERG gene fusion by fluorescence in situ hybridization can also be used to confirm a prostatic origin for SCCs, although this is not generally necessary. [26] [27] [28] [29] [30] [31] In the absence of a primary SCC at another site (for example, the lung), the finding of SCC on prostate biopsy is almost undoubtedly an indication of prostatic origin.
A related disease to prostate SCC is LCNEC of the prostate, which is the least common and the least studied of all the prostatic neuroendocrine tumours. 32 Diagnostic cri teria for this uncommon disease subtype are not well established, and diagnosis is restricted to cases with a large nesting pattern, peripheral palisading, abundant cytoplasm, and prominent nucleoli that demonstrate extensive immunohistochemical evidence of neuroendocrine differentiation and usually show signs of necrosis and lack expression of PSA and other prostate-specific markers. As with SCC, its associated prognosis is generally poor. 32 
Biology
An early hypothesis suggested that SCC of the prostate originated from the migration of cells from the neural crest. 33 However, more-recent data suggest that SCC of the prostate shares a common origin with conventional prostatic adenocarcinoma, according to the model of divergent differentiation. 34 The fact that a tumour shares phenotypic similarities with a tissue type (for example, neuroendocrine tissue) does not necessarily indicate that the tumour in question was derived from a common stem cell progenitor. This model is not only applicable to prostatic carcinomas, but to a wide array of malignancies. In the case of SCC of the prostate, a lower but detectable level of PSA expression in neuroendocrine cells and common molecular alterations between adeno carcinoma and SCC components of mixed prostate tumours under conditions of androgen deprivation support this hypothesis. 26, [35] [36] [37] [38] SCC of the prostate is significantly more common in men with CRPC after exposure to ADT. 23, 39 Indeed, based on experiences at single institutions, most of the patients who develop SCC have received ADT as treatment for prostatic adenocarcinoma. Rather than fully differentiated adenocarcinoma cells dedifferentiating into SCC, it has been suggested that certain stem cells can differ entiate into both adenocarcinoma and SCC. 40, 41 In some men treated with ADT, development of SCC might represent the 'escape' of a subpopulation of hormoneindependent cells resulting from the selective pressure of hormonal therapy. 16, 42, 43 Alternatively, other experimental data suggest that SCC of the prostate might transdifferentiate from conventional prostatic adenocarcinoma. Recurrent ERG rearrangements in the androgen-regulated 5'-end partners (for example, TMPRSS2, SLC45A3, and NDRG1) and ETS genes (including ETV1, ETV4, and ETV5), which are considered to be prostate-cancer-specific mutations, 44 have been reported in approximately 50% of men with SCC of prostatic origin. [26] [27] [28] 30 This incidence is similar to that in men with conventional prostatic adenocarcinoma, 45 further supporting a common origin for these cancers. 26 Downregulation of REST, which encodes a transcription factor that is considered crucial to the repression of neuronal differentiation, and the consequent upregulation of the neuronal signature has been observed in SCC of the prostate and mixed SCC with conventional prostatic adenocarcinoma. 46 Hansel et al. 47 reported identical mutations in the DNA-binding domain of TP53 in both SCC and conventional adenocarcinoma components, although the adenocarcinoma component retained a wild-type TP53 allele, whereas the SCC component lost the wild-type allele.
Additional evidence to support the hypothesis of transdifferentiation comes from a recent study showing that AURKA and MYCN amplifications are present in approximately 65% of primary prostate adenocarcinoma specimens that subsequently develop neuroendocrine prostate cancers (including prostatic SCC) following ADT and in about 90% of the corresponding metastatic tumours. 38 In contrast, these mutations were only identified in 5% of 169 unselected prostate adenocarcinoma samples. 48 Identification of AURKA amplification in primary prostate cancers might represent a new marker for predicting the risk of progression to transformed SCC of the prostate and a potential therapeutic target.
Molecular and gene expression studies of men with SCC of the prostate have provided interesting observations on the biology of this disease that potentially explain its more aggressive behaviour compared with conventional prostate adenocarcinoma. For example, prostatic SCCs demonstrate increased expression of genes involved in cellular proliferation, the cell cycle, neuroendocrine differentiation, and mitosis. 46, 49 In one study, greater upregu lation of genes encoding proliferative markers (such as PBK/ TOPK), neuroendocrine markers (such as CTNNA2, FGFR3, FGF12, and NR0B1) and tyrosine kinase receptors (FGFR3), as well as greater downregulation of genes encoding cell adhesion molecules (including CLDN10, COL4A5, and MMP7), was observed in the small-cell component of a single mixed tumour compared with the other components. 49 A recent study described the upregulation of mitotic genes, including UBE2C, in the absence of androgen receptor (AR), retinoblastoma (RB), and cyclin D1 (CCND1) expression in SCC and LCNEC xenografts, as well as human samples. In contrast, mixed adenocarcinomas (the adenocarcinoma component of the mixed tumours) frequently lack RB and CCND1 expression but remain AR-positive with lower UBE2C expression levels, 50 suggesting that the SCC phenotype results from p rogression of androgen-responsive prostate carcinomas.
Clinical features
SCC of the prostate has a presentation that is distinct from its adenocarcinoma counterparts; unique features include an unresponsiveness to hormonal therapy, rapid progression, increased risk of lytic bone lesions, presence of visceral metastases, a markedly enlarged prostate, and low PSA relative to disease burden (Box 1). 51 Patients with SCC of the prostate most frequently present with voiding symptoms, neurological symptoms (such as confusion and sensory or motor deficits), or constitutional symptoms. 51 Importantly, the median time to development of SCC in patients with a history of prostatic adenocarcinoma is approximately 18-25 months from prostatic adenocarcinoma diagnosis, but ranges widely from a few months to several years. 20, 23 As for neuroendocrine tumours, including SCCs, in other locations, prostatic SCC is associated with the release of a wide array of ectopic neuropeptides, including CgA, adrenocorticotropic hormone, and gastrin-releasing peptide. 52 Given its proclivity to release ectopic peptides, SCC of the prostate has also been associated with paraneoplastic syndromes such as Cushing syndrome, hypercalcaemia, Eaton-Lambert syndrome, and syndrome of inappropriate antidiuretic hormone. 20, 34, 51, 53 Several prospective studies in patients with clinically suspected or histologically confirmed (in the minority of cases) prostatic SCC have enrolled patients on the basis of one or more classical features associated with prostatic SCC. [54] [55] [56] [57] For example, a recent report evaluated platinum-based therapy in men with CRPC and at least one of the following features: histological evidence of small-cell prostate carcinoma (pure or mixed), exclusively visceral metastases, predominant lytic bone metastases by plain radiography or CT, bulky (≥5 cm) lymphadenopathy or bulky (≥5 cm) Gleason grade ≥8 tumour mass in the prostate or pelvis, PSA of ≤10 ng/ml at initial presentation (before androgen deprivation or at symptomatic progression in the castrate setting) plus high-volume (≥20) bone metastases, presence of neuroendocrine markers on histology or in serum at initial diagnosis or at progression plus elevated serum lactate dehydrogenase (LDH), malignant hypercalcaemia or elevated serum carcinoembryonic antigen (CEA), or poor response (≤6 months) to ADT that results in androgen-independent progression. 54 Another feature of SCC of the prostate that distinguishes it from prostatic adenocarcinoma is a greater tendency to metastasize to the brain, often presenting with symptoms related to central nervous system involvement. 58 In general, prostatic SCC is usually suspected on the basis of one or more of the aforementioned presenting features, which should trigger a prompt diagnostic work up.
Diagnostic work-up
Staging of suspected prostatic SCC is similar to that of prostatic adenocarcinoma, and evaluation of metastatic disease should generally involve a bone scan, as well as a thoracic, abdomen, and pelvic CT or MRI. 51 Brain imaging (preferably MRI, although CT is also an option) might be performed in patients with localized disease and is recommended for men with neurological symptoms. Given the aggressiveness of the tumour, stage T1 disease is rare. When the level of suspicion for an SCC is high (for example, when a patient has a low serum PSA level and bulky visceral metastases), a biopsy of one of the suspected lesions is strongly recommended. For patients with known CRPC and clinical suspicion of SCC, treatment can be selected on the basis of clinical features if tissue is not readily accessible or if it is unsafe to wait for a pathological diagnosis. Increased expression of plasma CgA-along with other plasma markers, such as CEA, Ca19.9, neuron-specific enolase, bombesin, 5-hydroxytryptamine, and gastrin-might provide supporting evidence for the diagnosis of prostatic SCC, 40, 54, 59, 60 and could have a role in monitoring response to therapy. Many questions relating to the optimal use of serum neuroendocrine and epithelial markers remain unanswered and there is no consensus regarding their use in routine clinical practice.
Management
It is important to make the distinction between SCC of the prostate and non-small-cell neuroendocrinedifferentiated prostatic adenocarcinoma, given that the latter should be treated per a prostatic adenocarcinoma paradigm and the former should be managed similarly to other nonprostatic SCCs. Indeed, much of the management of SCC of the prostate is based on our experience with small-cell lung cancer. Like its pulmonary counterpart, prostatic SCC tends to be sensitive to chemotherapy and radiotherapy; however, these responses are typically fleeting. Given the relative rarity of this entity, prospective trials are lacking, and standard treatment approaches are generally extrapolated from small case series or a handful of single-arm clinical trials.
20,34,55-57,61-65
The optimal management of nonmetastatic disease is not well delineated given that it is common to present with metastases. 51, 66 Rarely, prostatectomy alone has been shown to be curative; however, these cases are likely to be exceptional. 67 As with small-cell lung cancer, adjuvant chemotherapy with a platinum-containing doublet (such as cisplatin or etoposide) should be considered after prostatectomy. 68, 69 Adjuvant radiation might also be of benefit in men with positive surgical margins or identifiable T3a disease from the surgical pathology specimen. When radiation is planned, concurrent platinum therapy should also be considered. 70 The role of prophylactic cranial irradiation in men with prostatic SCC in complete remission is not established, although it has been suggested as an option given known similarities in its natural history with SCC of the lung. 71 With respect to metastatic disease, a few nonrandomized trials have been reported (Table 2 ). Enrol ment criteria have differed substantially for these trials, with histological diagnosis not necessarily required, presumably in an effort to avoid the morbid ity associated with performing biopsies in patients with advanced cancer. In fact, only one study included patients with histo logically proven SCC; 65 other studies presumed SCC based on clinical features, previously reported as character istic of SCC of the prostate, 20, 34, 39, 54 or verified prostatic adenocarcinoma on the basis of neuroendocrine differentiation. [54] [55] [56] [57] 64 Interestingly, Aparicio et al. 54 found that histological confirmation of SCC was not significantly associated with decreased overall or progression-free survival, compared with cases when the diagnosis was based on clinical grounds (for example, low PSA, exclusive visceral metastases, and lytic bone metastases). This observation perhaps indicates that, despite the fact that only 25% of individuals in that particu lar study had pathologically documented SCC, the patient cohort was reasonably homogenous after applying clinical criteria to select cases suggestive of SCC. 54 Despite its complexity, future clinical trials should make a broader effort to distinguish between proven SCC and other cancers that are suggestive of SCC, and establish whether differences exist between these cancers in terms of response to treatment and prognosis. Regimens prospec tively evaluated have typically consisted of a platinum agent combined with one or more of the following: docetaxel, etoposide, doxorubicin, and estramustine. 70 SCC of the prostate is often characterized by an aggressive course with a poor response to conventional ADT, consistent with lack of the androgen receptor in prostatic SCC. 51 PSA levels tend to be low relative to the tumour burden and an unreliable indicator of response to therapy in men with this variant of prostate cancer. 39, 72 The use of hormonal therapy in men with metastatic small-cell prostate carcinoma is somewhat contro versial given the unresponsiveness of prostatic SCC to ADT alone. Although chemotherapy is generally viewed as the backbone of treatment for metastatic SCC of the prostate, ADT should be considered in combination with chemotherapy given the theoretical concern that a subpopulation of adenocarcinomas might survive chemotherapy. 73 Moreover, a trial of anti androgen withdrawal is not recommended in patients with transformed or treatment-related prostatic SCC before the initiation of chemotherapy, as these tumours are unlikely to be dependent on androgen receptor signalling. 1 As for metastatic adenocarcinoma of the prostate, radiation therapy might be a useful palliative adjunctive therapy for SCC of the prostate. 74 Patients with AURKA-amplified prostate cancer might benefit from treatment with Aurora kinase A inhibitors. Although these inhibitors are still in the early stages of drug development, they hold promise and clinical evaluation is ongoing. 75 Complete suppression of neuroendocrine marker expression has been observed following Aurora kinase inhibitor therapy. 48 
Prognosis
Several studies of patients with clinically suspicious or histologically proven prostatic SCC have found that serum neuroendocrine markers are not predictive of survival in multivariate models. 54, 56, 65 By contrast, Aparicio et al. 54 demonstrated that increased CEA or LDH levels strongly predicted overall survival. However, the definition of neuroendocrine differentiation has been somewhat inconsistent between studies, with many defining its presence solely on the basis of positive CgA staining. Furthermore, given that only 84% of all prostatic SCCs stain positive for CgA, one has to question the legitimacy of including patients in pathological small-cell series solely on the basis of neuroendocrine marker staining. 23 Owing to the rarity of prostatic SCC, only a few reports in the literature have described the prognosis of this neoplasm. 34, 39, 66, 72, 76 Surveillance, Epidemiology, and End Results (SEER) data relating to 191 men diagnosed with SCC of the prostate between 1973 and 2003 reveal that approximately 60% of men present with metastasis, and death occurs at a median of 18 months following diagnosis. 66 Age, concomitant low-grade prostatic adenocarcinoma, and disease stage seem to be the strongest predictors of survival for patients with prostatic SCC. 66 Median overall survival in prospective trials of men with metastatic prostate cancer and histologically verified or clinically suspected prostatic SCCs treated with platinum-based combination therapies range from 10-19 months, despite high response rates. [54] [55] [56] [57] 65 One of the few single-institution trials involving pure or mixed prostatic SCCs showed that men with metastatic mixed prostatic SCC live only 3 months longer than those with pure SCC of the prostate (12.3 months versus 9.16 months). 65 Taken together, these studies highlight the aggressive nature of pure or mixed SCC of the p rostate, even in its localized form. 76 
Conclusion
Prostatic SCC is a rare aggressive prostate cancer variant that is biologically, morphologically, and clinically distinct from the differentiated adenocarcinoma type. Clinically, this entity is characterized by low PSA levels, visceral metastases, predominantly lytic bone lesions, and large prostatic or nodal masses. SCC of the prostate is often found on repeat biopsies in men with progressive CRPC and its underlying biology is implicated in the lethal progression of many prostate cancers. Thus, with increased life expectancy resulting from more-effective targeting of the androgen receptor signalling axis, the incidence of prostatic SCC might increase owing to clonal pressure exerted on malignant prostate cells. Early recognition of histological or clinical features of prostatic SCC might influence the treatment decision-making process.
Although the optimal treatment of prostatic SCC has not been clearly established, it is distinct from that of conventional adenocarcinoma. As SCC is frequently identified in a mixed phenotype tumour consisting of both AR-negative SCC and AR-positive adenocarcinoma of prostate, cisplatin-based chemotherapy is considered the backbone combination therapy for advanced SCC of the prostate, and ADT should be contemplated in combination with chemotherapy. Importantly, mitotic and neural development pathways have been implicated in the progression to androgen-independent SCC and offer targets, such as small-molecule inhibitor of AURKA, that might change the aggressive natural history of this disease. Improvements to therapy will come from understanding disease biology, which could enable physicians to identify new targeted therapies and achieve better clinical outcomes for patients with this subtype of prostate cancer.
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